Purpose: This paper discusses the use of Project-Based Learning (PBL) in the subject "Acondicionamiento y Servicios 2", which is taught at the Escuela de Arquitectura at the UPV.
• Accounting for at least 30% of the mark for the subject Furthermore, addressing cooperative work is critical for the development of the projects. There is thus a need to pay special attention to the design of the activity/project to take into account the five ingredients of cooperative learning (Johnson, Johnson & Smith, 1991) .
• Positive interdependence
• Individual accountability
• Face-to-face promotive interaction
• Appropriate use of collaborative skills
• Group processing
The method set out in this paper involves cooperative learning and formative assessment as basic and complementary components of PBL.
The paper is structured as follows. In Section 2 we present a brief review of the fundamentals of PBL and its application to higher education. Section 3 describes specifications of the subject where this study has been applied. In Section 4, the starting point and the reasons for the need to change the way the subject is taught are analyzed. Section 5 focuses on the implementation of PBL in the subject. Finally, Section 6 contains an assessment of the practical use of the method which includes a discussion of the results that confirm the success of the methodology.
Related work
As has been briefly introduced in previous section, Project Based Learning (PBL) is a teaching method whereby students plan and develop projects connected to the In summary, PBL has shown to be a very useful learning model applied to higher education and, more specifically, in the context of engineering studies.
Method
This work analyzes the application of PBL in the context of a subject which specifications are shown in Examination of the projects handed in by students at the end of the semester period and the results of final examinations led to the following conclusions:
• Most students experienced problems with calculating and using tables and formulas for sizing electrical installations
• The projects handed in contained serious conceptual mistakes
• Many students were not able to resolve lighting issues
• They lacked adequate design criteria for lighting and electrical installations
• Many projects had been copied from previous years
• According to information supplied by the students themselves and the results of official UPV surveys, the lack of motivation felt by the majority for the subject was obvious. This fact can be observed in Table 2 
Goals
• Achieve better learning outcomes
• Nurture independent learning
• Increase the motivation of Architecture students for installations subjects
• Connect classroom work to professional practice
General approach
PBL was employed in two of the three blocks in the subject: the Electrical
Installations block and the Lighting Installations block (see Table 1 ). It was used in two of the five general groups, groups D and E. Sub-group 3 10 11 Table 3 . "Working groups in each practical sub-group set up in general groups D and E".
Source: authors
Below is an account of how the basic aspects of PBL and cooperative learning were addressed when designing the activity.
Significant projects connected to professional practice
To achieve a strong connection between classroom work and professional practice, it was decided to run two significant projects featuring common issues in professional architectural activity. There would be one project for each of the two blocks.
• Length: half semester
Integration of various courses and subjects
In order to establish links with other subjects such as Building Projects, Structures, Construction, and Installations 1, the groups were encouraged to work either on their own building projects undertaken in the same year or in previous years, or on the building for which they were designing other installations that they had studied in another subject. The idea was for them to design the electrical and lighting installations of buildings they had planned architecturally in other subjects (Building Projects), while also taking into account structural design (Structures), building development (Construction) and the layout of the other installations to complete the overall building project.
Guide of the project
The students were given a comprehensive guide featuring the organization of work for each project to enable them to divide up the tasks to be performed based upon time. Appendix 1 contains extracts from the guidelines developed for carrying out the two projects.
Cooperative work
The projects were to be done in groups with a minimum of 3 students and a maximum of 5. The final number was decided by each lecturer based on the total number of students he or she was teaching.
The workload of a 4 th year Architecture student was also taken into consideration.
For this reason a system was used that allowed students to make the most of the 2,5 hours per week in their practical class so that they could keep their work up-todate. Each project was to be done over 6 sessions (one per week) and compulsory minimum attendance at 4 out of 6 sessions per block was established.
The goals for each session could be sent to the lecturer via the PoliformaT (Open Source Sakai Project) online platform that is available for each subject at the UPV.
A deadline of 12 hours from the start of each session was set to hand in its goals.
This deadline was designed to ensure that those groups that did not have enough doi:10.3926/jiem.2011 doi:10.3926/jiem. .v4n1.p123-145 JIEM, 2011 advantage of the fact that they were already together. This approach to classroom work facilitated face-to-face interaction between the students.
The significance of each project and the amount of work to be done to deadlines ensured the positive interdependence of the members of each team.
Because some of the group work was done in the classroom in the presence of the lecturer, he or she was able to monitor the development of the students' cooperative skills through observation and in some cases resolve internal conflicts in the groups.
A "group form" was used to monitor the project and the overall functioning of cooperative work. The lecturer used it to keep the attendance register, make notes about the work submitted in each session and, where necessary, assess the functioning of the groups.
Project assessment: public display of projects and importance in final mark
There has been formative assessment of the projects.
The handing in of work done during the session was voluntary, but any group doing so was guaranteed weekly feedback on the progress of their project. In turn, those groups which corrected and improved their project were aware that they were guaranteed a pass mark for their project.
In the last session, the students had to present their projects in each block to the rest of the class together with a report. During the presentation any group member could be selected by the lecturer to explain any part of the installation. This established the individual accountability of each student in their group and vis-à-vis the lecturer.
At the end of the presentation the group was asked to mention any unresolved issues and to explain where they had had most difficulty. They were thus invited to think about the project and the work they had done one more time (group processing).
Successful completion of the project meant that students did not have to do the final practical exam, that is to say they had been continually assessed for the
Results

Assessment system
To assess achievement of the goals (see Section 5.1) sought with the use of the method, the following assessment systems were used:
• System 1: Weekly monitoring of project development by observation
• System 2: Project marks
• System 3: Marks in the final theory exam
• System 4: Official UPV surveys and short surveys designed by the teachers of the subject with a space for making comments and suggestions. Table 4 shows the assessment system used to evaluate each of the goals.
Goal System
Improve learning outcomes 1, 2, 3
Promote independent learning 1, 2, 3
Enhance motivation 4
Connect classroom work with professional practice 4 Table 4 . "Assessment system used to evaluate each of the goals". Source: authors
Evaluation of goals: Improve learning outcomes and promote independent learning
Achievement of the goals of improving learning outcomes and promoting independent learning was assessed using the systems 1, 2 and 3 described in previous section (see Table 4 ). The results obtained with the system 1 have been collected in the notes that the teachers wrote in each group form during the sessions. The weekly monitoring of project development has assured the assimilation of the fundamental concepts and allowed the resolution of doubts. In addition, the use of this system has also prevented students from copying projects submitted in previous years. In terms of assessment, monitoring during each session and the review of work handed in during the semester meant that some groups which had submitted work that was worse than expected (defects in graphics, errors in transcribing results, small mistakes, etc.) were able get a better mark than they would have got if only the final result of the project had been assessed. Analysis of the information gathered by lecturers in the group forms shows that the final mark for the project was higher in the groups that persevered most.
Project marks and the results of the final theory exam are summarized in Table 5 and Figures 1 to 4 , respectively. The results shown in Table 5 cannot be compared with results from previous years because, as was noted in Section 4, coursework was not assessed prior to the introduction of this method. The results of the surveys designed by the teachers of the subject and official UPV surveys were analyzed to see whether the goals of motivating and connecting the subject with professional practice had been achieved (system 4, see Table 4 ).
The surveys designed by the teachers for the academic year 2009-10 contained 12 questions to assess various aspects of the course in general. Two of the questions, questions 3 and 4, were designed to gather student ratings of motivation and connection with professional practice.
This survey was conducted in the 2 groups in which the method was used. It was taken by 46 and 25 students in Groups D and E respectively. The surveys were Table 6 . "Results of questions 3 and 4 in the survey given to students." Source: authors
The result of question 3 (see Table 6 ) shows that students consider that classroom work is connected to professional practice.
Students' increased motivation for the subject has been assessed by considering the results from the survey designed by the teachers (see Table 6 Table 7 . "Assessment of motivation". Source: authors
The first row of Table 7 The results shown in Table 7 indicate that the methodology employed has promoted a major motivation of the students for the subject in comparison with the previous year.
Overall assessment of the methodology
The overall assessment of the methodology by the students has been analyzed Table 8 . "Overall assessment of the methodology by the students". Source: authors
In Table 8 is observed that the students have assessed very positively the methodology in comparison with the previous course, where PBL was not applied.
Conclusions
This paper has presented the use of Project-Based Learning in the subject "Acondicionamiento y servicios 2" at the Escuela de Arquitectura at the Universitat Politècnica de València.
The results show that the goals (motivation, improved learning outcomes, independent learning and connection with professional practice) which led to the introduction of this kind of learning have been achieved. In their written comments in the surveys the students gave a positive rating to the method used for their course projects, with particular emphasis on the feedback received.
The main factors that helped with using the new method were the length of each practical class (2,5 hours) and the practical nature of the subject matter. Also, group work and project development were significantly assisted by the experience and knowledge already acquired by 4 th year Architecture students. On the other Cooperative work applied in the presented methodology could present some drawbacks such as shirking. To prevent this disadvantage, the students had to present their projects to the rest of the class. During the presentation any group member could be selected by the lecturer to explain any part of the project and to answer any question. All the members of each group obtained the same mark, except in the case of three students who obtained lower mark because they were selected to present the project and were not able to explain it.
Based on this satisfactory experience, PBL can be specially useful to practical subjects of Architecture degree such as: Installations 1 (installations of water, gas and air conditioning), Structures and Construction.
As future work and considering that the subject has to be adapted to the European Space for Higher Education, the plan is to increase the percentage of the project mark up to 40-50 % of the final subject mark. In addition, there are being introducing new methodologies in theory classes (i.e. active learning, informal cooperative work,...) in order to improve learning outcomes. All these changes will be implanted shortly in all the groups, included those where the number of students is about 100.
